Studies on anisotropic inhibitors, a unique type of inhibitor of energy transduction in oxidative phosphorylation, suggested that redox reactions generate two kinds of negative charges on the outer surface of mitochondrial inner membranes, on redox complexes and on FO, and that the inhibitors inhibit energy transduction by binding to these negative charges. Recent experiments on photoaffinity labeling of mitochondria with monoazide ethidium, which is an anisotropic inhibitor, showed that the inhibitor specifically binds to a hydrophobic protein of the membranes. In the present work the mitochondrial components labeled with monoazide ethidium were further purified and two kinds of hydrophobic proteins (apparent molecular masses, 8 and 13 kDa) were found to be specifically labeled with the inhibitor. These proteins were named chargerin I and II, respectively. Redox reactions greatly increased the molar ratio of ethidium bound to chargerin I and II in mitochondria, reflecting a conformational change of the chargerins coupled with the redox reactions. It was also shown that antibody against chargerin II specifically inhibited ATP synthesis in mitoplasts (inner membranes plus matrix) prepared from rat liver nlitochondria. Thus, the present findings show that chargerins have an essential role in energy transduction in oxidative phosphorylation in rat liver mitochondria, in good accord with the coliformational coupling model of the H+ pumps and ATP synthesis.
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It is generally accepted that A/.H+, which is a central postulate of Mitchell's chemiosmotic hypothesis (1, 2) , plays an essential role in oxidative and photosynthetic phosphorylation (3) (4) (5) . However, the problems of how H+ is transported by the redox complexes and by ATP synthase (F1Fo) and the precise role of H+ in ATP synthesis are still controversial (6) .
For elucidating the mechanism of ATP synthesis, inhibitors of energy transduction have proved useful tools. Recently, inhibitors of energy transduction in oxidative phosphorylation of a unique type were found in this laboratory (6) (7) (8) (9) . We named these compounds anisotropic inhibitors (AI) because of their membrane side-specific action. They inhibit energy transduction in oxidative phosphorylation by binding to two kinds of binding sites (containing negative charges) that are generated near the surface of the outer side (C side) of mitochondrial inner membranes and may correspond with redox complexes (I, III, and IV) and FO. Thus, AI' have two different sites of inhibition of energy transduction, the redox complexes and FO. Therefore, AI+ served as a powerful tool for elucidating the mechanism of energy transduction in redox complexes (AE = AUH+) and in F1Fo (ApUH+ = AGP).
The most important finding in analysis of AI+-induced phenomena is that two kinds of negative charges are generated near the surface of the C side of the redox complexes and F0 in the energized state. This finding is in good accord with previous independent reports (10) (11) (12) (13) (14) (15) .
To determine the membrane components generating these negative charges in energized mitochondria, we used the technique of photoaffinity labeling of energized membranes with monoazide ethidium, which is an AI+, and found that this compound specifically binds to a hydrophobic protein(s) of the energized membranes (16) .
In the present work, the mitochondrial components labeled with monoazide ethidium were purified further and it was found that two kinds of hydrophobic proteins (apparent molecular masses, 8 and 13 kDa) were specifically labeled with the inhibitor. These proteins were named chargerin I and II, respectively. The present findings show that chargerins have an essential role in energy transduction in oxidative phosphorylation, in good accord with the conformational coupling model of H' pumps and ATP synthesis proposed previously (6) .
MATERIALS AND METHODS
Materials. Polyamide layers and dansyl amino acids were obtained from Seikagaku Kogyo (Tokyo) and Pierce, respectively. Digitonin was purchased from Wako Pure Chemical (Osaka, Japan) and purified as described (17) . Other reagents and rat liver mitochondria were as described (16) . Mitoplasts were prepared by the method of Soper and Pedersen (18) from rat liver mitochondria.
Photoaffinity Labeling of Mitochondrial Components with Monoazide Ethidium. Photoaffinity labeling of mitochondrial components with monoazide ethidium was carried out as described (16) except that mitochondria were treated with 10 or 200 ,uM monoazide ethidium and the photoaffinity-labeled mitochondria were suspended in deionized water at a concentration of 60 mg of protein per ml and frozen at -20TC.
Purification of Chargerins.
Step 1: Chloroform/methanol extraction. The photoaffinity-labeled mitochondria were thawed and washed three times with deionized water. The precipitate obtained was suspended in 300 ml of chloroform/ methanol, 2:1 (vol/vol), and stirred for 30 min at 0°C. The mixture was placed in Pyrex glass tubes and centrifuged at 3000 rpm for 5 min. This treatment of the pellet was repeated several times, and the resulting supernatants were combined, filtered, and evaporated at 400C. The residue was dissolved in 19 ml of the chloroform/methanol mixture and centrifuged at 8000 x g for 5 min, and the white pellet obtained was discarded.
Step 2: Silica gel column chromatography. The supernatant fraction from step 1 was applied to a column (4 X 6 cm) Step 3: Sephadex G-50 gel chromatography. The supernatant from step 2 was applied to a column (2.2 x 64.5 cm) of Sephadex G-50 that had been equilibrated with buffer consisting of 0.1% sodium deoxycholate, 10 (24) .
Other Analytical Methods. The molecular mass of chargerin was determined as described (16) except that a column of Sephadex G-50 (2.2 x 65 cm) equilibrated with buffer consisting of 0.1% sodium deoxycholate, 0.1 M NaCl, and 10 mM Tris HCl at pH 8.0 was tUsed. The amount of ethidium bound to chargerin was determined from the absorbance spectrum as follows. Samples solubilized with 1% sodium deoxycholate were placed in the sample and reference cuvettes and a small amount of KBH4 was added to the reference cuvette. Then the difference absorbance spectrum was measured in a Hitachi model 556 two-wavelength doublebeam spectrophotometer. The amount of ethidium was calculated taking e.,m at 515 nm as 5.45. The protein concentration of chargerins was determined by the method of McGrath (25) . Other methods were as described (16) .
RESULTS
In the present work, we first incubated mitochondria for 5 min with 10 ,uM monoazide ethidium in the presence of succinate. The amounts of mondazide ethidium bound to mitochondria energized with succinate and to membranes inhibited with antimycin A were 8.5 and 1.4 nmol/mg of protein, respectively. After UV irradiation of mitochondria energized with succinate, the amount of the dye bound to the membranes was 6.8 nmol/mg of protein. The photoaffinity-labeled mitochondria were treated with a mixture of chloroform/methanol (2:1) (as described in Materials and Methods), and the crude proteolipid fraction obtained was applied to a column of silica gel.
The chargerin fraction eluted from the column of silica gel was dissolved in 5.5% sodium deoxycholate and applied to a column of Sephadex G-50 (see Materials and Methods). As shown in Fig. 1 , chargerin was eluted from the column in two peaks of materials with apparent molecular masses of 8 and 13 kDa. In previous work, mitochondrial components labeled with ethidium (chargerins) were eluted in a single peak from Sephacryl S-300 and Sephadex G-200 columns. This was because the materials of the columns were unsuitable and also probably because the elutions of the proteins were disturbed by the micelle fraction of sodium dodecyl sulfate that was present in the elution medium. The apparent specific ethidium contents of purified chargerin I and II were 104-and 42-fold, respectively, those of the mitochondrial protein.
Chargerin I and II migrated as single bands on polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate. However, the mobilities of these proteins were abnormally high (Rf, 0.8-0.9) and the bands were not stained with Coomassie blue R-250. No stained band of protein was observed. In our previous work, the protein fraction binding ethidium was stained with this dye (16 Table 2 ). This may be because these amino acids are sterically hidden or chemically blocked. The NH2-terminal amino acid of both chargerin I and II thus seemed to be histidine [ Amino acids that bound ethidium covalently were irreversibly adsorbed to the top of the ion-exchange resin column of the amino acid analyzer. Thus, we could determine what sort of amino acid residues in chargerins bound covalently to ethidium. Table 3 shows the results of amino acid analyses of chargerin I and II purified from energized mitochondria labeled with 200 4M monoazide ethidium in the presence of succinate. In chargerins purified from energized mitochondria, the numbers of residues of most amino acids were almost the same as in chargerins purified from nonenergized mitochondria, but the numbers of residues of ornithine, glycine, and serine were lower. The number of residues of glutamine (with glutamate) of chargerin I purified from energized membranes was also less than in chargerin I purified from nonenergized membranes. Therefore, ornithine, glycine, and serine in chargerin I and II and also glutamine (with glutamate) in chargerin I seemed to be the amino acid residues that bound covalently to ethidium. However, it should be noted that the amino acids of chargerins that Chargerin I purified from nonenergized and energized mitochondria contained 79 and 71 residues of amino acids, respectively. The difference of 8 residues indicates the apparent number of amino acid residues of chargerin I that bound covalently to ethidium. The actual number of residues bound covalently to ethidium would be 4, judging from the molar ratio of ethidium bound to chargerin I purified from the nonenergized mitochondria (Table 1 ), plus 8 as described above-i.e., 12 residues per molecule of chargerin I. Similarly, the total numbers of amino residues of chargerin II purified from nonenergized and energized mitochondria were 124 and 112, respectively. The difference (A = 12) between these numbers indicates the apparent number of amino acid residues of chargerin II bound covalently to ethidium, and the actual number of the residues bound to the protein purified from nonenergized mitochondria (Table 1) , plus 12 deduced as above, equals 15 per molecule of chargerin II. These molar ratios of ethidium bound to chargerin I and II purified from energized mitochondria estimated from the results of amino acid analysis are almost equal to the numbers determined as described in the legend to tNot determined. AI+, and AI+ inhibit energy transduction in oxidative phosphorylation in mitochondria by binding to negative charges generated on the C side of the membranes, the present results strongly suggest that chargerins are entities that cause energy transduction in oxidative phosphorylation by generating negative charges on the C side of the membranes.
If this idea is valid, antibodies against chargerins should inhibit ATP synthesis in oxidative phosphorylation. Therefore, we raised antibodies against chargerin I and II purified from rat liver mitochondria in rabbits (see Materials and Methods). The samples of chargerin I and II used as antigens were purified from nonenergized mitochondria labeled with 200 ,uM monoazide ethidium, since with nonenergized mitochondria the yields of purified chargerin I and II were high and the amounts of ethidium bound to chargerins were low, as described above. The antibody obtained against chargerin II was specific for chargerin II, as judged by Ouchterlony double diffusion (27) and gave a single clear precipitin line with purified chargerin II on immunochemical analysis.
However, the antibody against chargerin I gave only a weak antibody response. Data on the properties of the antibody against chargerin II will be presented elsewhere. Table 4 shows that the partially purified antibody against chargerin II inhibited ATP synthesis without interfering with the oxidation process. For this inhibition it was essential to remove the outer membranes of mitochondria and also to prevent contamination of the mitoplast fraction with unbroken mitochondria. A control fraction from normal serum had little or no effect, as shown in Table 4 . Thus, these data clearly show that chargerin II has an essential role in energy transduction in oxidative phosphorylation in rat liver mitochondria. DISCUSSION The present work shows that redox reactions greatly increased the molar ratios of ethidium bound to chargerin I and II in mitochondria: the molar ratios of ethidium bound to chargerin I and II purified from nonenergized mitochondria were about 4 and 3, respectively, and those bound to chargerin I and II purified from energized mitochondria (with succinate) were about 12 and 17 (or 15), respectively. This shows that redox reactions cause conformational changes of chargerin I and II, increasing the binding sites for AI+ (including negative charges) from about 4 to about 12 (chargerin I) and from about 3 to about 15-17 (chargerin II). As AI+ inhibit energy transduction by binding to negative charges generated on the C side, chargerins labeled with monoazide ethidium could be entities having an essential role in energy transduction in oxidative phosphorylation by generating negative charges on the C side of the membranes.
This was confirmed in an experiment using antibody against chargerin II, which showed that the antibody specifically inhibited ATP synthesis in mitoplasts without interfering with the oxidation process. Therefore, the present findings show that chargerins have an essential role in energy transduction in oxidative phosphorylation, in good accord with the conformational coupling model of H+ pumps and ATP synthesis proposed previously (6) .
